It has been shown in a previous paper 1 that the surface tension of serum decreased rapidly, as soon as the serum was exposed to the air. This phenomenon is due to the adsorption, in the surface layer, of substances which either travel slowly in the liquid, or are formed in the surface layer, or else to modifications in the arrangements of the group molecules in the surface layer, and possibly to a combination of these causes. In order to study these substances and to obtain an idea of the order of magnitude of their power of lowering the surface tension of water in function of time, it was necessary to measure the surface tension of the same samples of solutions of serum at different intervals, ranging from 2 minutes to 24 hours. IL EXPERIMENTAL.
Decrease of Surface Tension of Serum Solutions in Function of
Time.--Solutions of fresh serum were made in saline solution (NaC1 0.9 per cent). The surface tension of the same layer of liquid was measured by means of du Noiiy's tensiometer, according to the technique previously described. 1 In order to prevent any jarring of the samples studied, a turntable was made, supported on a ball thrust bearing, on which ten watch-glasses were placed in a circle. By x du Noiiy, P. L., Y. Exp. Med, 1922, xxxv, 575. 707 turning the table carefully, the watch-glasses were brought successively under the ring, and then raised smoothly by means of the screw of the instrument until the contact was established. The results obtained are shown in Table I .
Higher dilutions were prepared and tested after 1, 2, 20, and 23 hours, with the results shown in Tables II and III. This phenomenon is illustrated by Text- fig. 1 . In the charts, the value of the surface tension is taken after 2 hours arbitrarily, but the maximum drop occurs in the first 30 minutes (Text- fig. 2 ). The lapse of 2 hours was chosen because after that period of time, the drop is usually very slow. show that between 1 and 2 hours the drop is small.
The drop in surface tension may be expressed in two different ways accordingtowhetherone chooses to take into account either the initial value of the surface tension as measured after a few seconds, or else to assume that the drop is so rapid at the beginning that a difference of 1 second or less is sufficient to affect the initial reading. In the latter case, the initial value may be taken as equal to 76 dynes, roughly, and the differences expressed thus:
-d~ = 76.0 --.y
The initial values and the values after 2 hours are shown in Textfigs. 3 to 9. The drop, -d~ =% -% is expressed in Text-figs. 10 to 15, and the drop, -d~/= 76.0-% in Text- fig. 16 .
Comparison with the Behavior of Some Organic
Salts.--It may be of interest to compare the action of serum with that of substances having a strong effect on the surface tension of water, such as sodium oleate, sodium glycocholate, and saponin, at similar dilutions in the same saline solution (Table IV) . The phenomenon is illustrated in to 9 shows the likeness to the behavior of serum, although the initial value is much higher in the latter case. This fact is probably due to substances which have some kind of buffing action, and oppose the lowering of surface tension of serum. The Substances are particularly active when a foreign body, such as oleate or glycocholate, is added to the serum. This phenomenon will be studied in another paper. * T~xT-Fzo. 13. Drop in the surface tension of serum solutions in 2 horn's. Old dog serum. As no measurements were made at concentrations between 10 -4 and 10 -s a dotted line is used to connect these two points, since it is probable that the maximum would have been somewhere between these two concentrations. Therefore it is likely that the dotted line does not represent the exact curve.
II in the In~ernationale Zeitsckrift tilt pkysikalisck-ckemiscke Biologie, and the papers by Posternak 5 are also worth perusal, It seems that the solution of the problem has been postponed mainly by the confusion of the action of time with that of heat and of chemical reactions. Therefore, it is important to determine, in all studies on colloidal solutions, the part due to their colloidal state and that which may be due to really specific actions (for instance the inactivation of serum by heating at 56 ° C.). Fig. 17 ).
-" '~' : t "~---~ [ 1:"-:t 1"°--~ Em 3. Effect of Stirring.--When stirred, these solutions present the same phenomenon as the pure serum; the surface tension rises and sometimes reaches the same value as at the beginning of the experiment (Table V and Text-figs. 25 and 26). When the solutions are kept in test-tubes, that is with a relatively small free surface, vigorous stirring after 24 hours brings the surface tension to the same value (Table VI) . This seems to indicate that the damping effect, Table I , as well as from
Interpretation of the Maxima.--From
Text-figs. 10 to 15, it is clear that the drop in the value of the surface tension is variable and reaches a maximum at a dilution of about 1:10,000. In general, this occurs only when the measured initial value of the tension of the serum is taken into consideration. In other words, if we assume the initial value of the tension to be around 76 dynes, as in the higher dilutions, there would not always be a maximum. Therefore, we assume provisionally that the actually initial surface tension of such dilutions as 1:10, 1:100, 1:1,000, 1:10,000, is that which can be measured within 5 or 10 seconds after the liquid is poured into the watch-glass. It is very likely that there are at least two groups of substances which act powerfully upon the surface tension of the serum, and in different ways. The first group, in conformity with the substances already known, is adsorbed almost instantaneously in the surface layer, and determines the value of the surface tension of fresh serum and of serum solutions up to about 1: 50,000, as given by the drop weight methods (with continuously renewed free surfaces); the other group which, on account of the techniques in use up to the present time, could not be detected is adsorbed in function of time, provided the free surface is left unstirred. This second substance, or group Of substances, acts more powerfully than the other, and at extremely low concentrations. Indeed, we have seen that one-millionth part of serum is still active. Since serum does not usually contain as much as 10 per cent of solid substances in solution altogether, we may assume, and this is manifestly exaggerated, that the serum contains 5 per cent of these substances. Hence, this would mean that they are still active at such a low concentration as 1:20,000,000 (1 gm. in 20,000 liters, or over 5,200 gallons of water). The hypothesis of the two groups of subs du Nofiy, ~ p. 579.
stances is expressed by Text-figs. 10 to 15, in which the initial value of the surface tension has been taken into consideration for the evaluation of the drop. By assuming that it is the same substance, or group of substances, which determines the initial value of the surface tension by very rapid adsorption, and the slow drop by slower adsorption, we obtain Text- fig. 16 . Hence, admitting the correctness of the assumption of the existence of two groups of substances, it becomes easy to account for the special grouping of the initial values of surface tension. Indeed, if we call the first group A, and the second group B, it is readily seen, by looking at the charts, that Group A, present at dilutions from 1:10 to 1:1,000 in sufficient quantities to have a marked action on the tension, is no longer effective in the case of high dilutions, from 1:100,000 up. There is a break in the initial value which is not always bridged by the 1:10,000 dilution. From I:100,000 up, practically only Group B is active. On the other hand, we notice that it is precisely around the concentration of 1:10,000 that the drop is maximum. The reason is simple if we refer to Langmuir's ideas on the structure of the surface layer of solutions, when the solute is adsorbed in the surface layer. Langmuiff has shown, indeed, that the free surface of such a liquid is generally composed of a monomolecular layer in which the molecules are geometrically disposed and similarly oriented with reference to a three dimensional space; in other words, that the surface of the liquid is composed of a sort of mosaic, each element of which is the same end of the same side of the molecules of the liquid. Furthermore, he states that the group molecules of organic liquids arrange themselves in such a way that their active portion is drawn inwards, leaving the least active portion of the molecule to form the surface layer. This hypothesis is supported by very striking facts, but their description would be beyond the scope of this paper.
Thus, in the case of serum solutions, the maximum drop would correspond to such a dilution as would allow the active molecules of Group B to dispose themselves with what is left of Group A in the most favorable way for the decrease of surface tension; and this is only possible at one precise concentration. At higher concentrations, the ~ Lang'muir, I., Met. Chem. Eng., 1916, xv, 468; J. Am. Chem. Soc., 1917 , xxxix, 1848 excess of molecules of Group A interferes with the best possible geometrical arrangement of the molecules of Group B, and the forcing apart of these groups increases the surface tension. The same thing happens at higher dilutions, in which the forcing apart is due to the smaller number of molecules of Group B, which can no longer cover the liquid completely. This is, of course, a mere hypothesis which has, at least, the advantage of accounting for the facts found So far. But, whatever hypothesis is accepted, and in spite of the fact that the maximum drop is not so dear if the presence of only one group of substances acting together in the same way is assumed, there is no doubt but that an optimum concentration exists; it is easily explained, as well as the grouping of the initial values, on the basis of Langmuir's conception of the structure of liquid layers.
A glance at the charts will also show that the maximum drop does not always occur at the same concentration. Assuming the correctness of our hypothesis, this shift may be due to a change in the size of the group molecules. Indeed, the maximum drop occurs when the free surface is entirely covered with a certain lattice of molecules of Groups A and B, arranged in such a way as to produce the weakest force fields. Evidently there is an optimum concentration , as has been said before. But this optimum is function of the size of the molecules, and of the relative concentration of the two groups, A and B. This will be more deafly understood by looking at Text- fig.  27 , a to c. In Text- fig. 27 , a, the optimum is attained for a certain size of the molecules, and a certain relative number of both groups. The quantity adsorbed in the surface layer is exactly that which corresponds to the minimum surface tension. In Text- fig. 27 , b, the size of the molecules is the same and the quantity adsorbed is greater, the concentration being higher. The arrangement of the molecule is no longer perfect, the proportion of Groups A and B is changed, and the molecules may be forced to tilt on one side, or to overlap. The result is that the surface tension is increased. In Text- fig. 27 , c, we have another optimum arrangement, with a smaller number of larger molecules; that is, at a lower concentration. Although this illustration is very crude, it helps to visualize a plausible process through which the maximum may be shifted. As the molecules in solution are probably very long, with lateral branches, instead of discs or spheres, as we have symbolically represented them, these figures must not be taken as an image of reality but as a mere comparison.
In the curves published, the maximum for human serum lies at 1: 50,000, for the old dog serum at 1: 30,000, for rabbit serum around 1:10,000, and for a very young pup at 1: 7,000. 
IVj

Aspca of Crystallization of Serum Solutions.
When the solutions are allowed to evaporate, the sodium chloride crystallizes. By using watch-glasses, an interesting phenomenon is observed. When a pure sodium chloride solution crystallizes, it concentrates first, then the crystals are formed at the bottom of the glass as seen in Fig. 1 . But when serum is added, very small crystals spread all over the watch-glass, and assume different aspects, according to the concentration, as shown by Figs. 2 and 3. Up to a concentration of 1:500,000 in the case of Serum 114, the effect of the lowering of the surface tension can be detected easily by the action of the substances adsorbed in the surface layer upon the molecules of sodium chloride. This phenomenon can be explained in the following way. The large adsorbed molecules carry with them in the surface layer the Na and C1 ions. The concentration there becomes very high, and dissociation small. Sodium chloride molecules are formed and when the liquid evaporates, it progressively abandons the salt on the glass. No concentration occurs in the bulk, and no large crystals can grow at the bottom.
The phenomenon is similar when other surface-active substances are used, such as for instance saponin (Fig. 4) .
This phenomenon is interesting because it shows that the presence of sodium glycocholate or taurocholate or dried serum in such a high dilution as 1:10,000,000 modifies profoundly the state of equilibrium and the distribution of phases in a liquid containing crystalloids in solution. Gibbs' statement that substances which increase the surface tension are more concentrated in the bulk is no longer true in this case. The birth of the membranes at interfaces, the first manifestation of the individuality of a cell, becomes very dear. The concentration of colloids and salts being much greater in the surface layer, precipitation will naturally occur there, and electric phenomena are forcibly different from those in the bulk. The aspect of the crystals is not the same at all dilutions, and at a concentration of 1:100, all sera studied so far have shown a very peculiar phenomenon, easily seen in the photographs. The more or less regular rings cannot be found as dearly at any other concentration. The white rings are very small sodium chloride crystals. The theoretical explanation of this phenomenon is not obvious. There is no doubt that it corresponds to different states of equilibrium of the surface layer, and possibly to different and periodical changes in its surface tension. This phenomenon is somewhat similar to that observed by Liesegang,* obtained by adding 1 drop of a silver nitrate solution to a solution of gelatin and potassium dichromate.
As was to be expected, sodium oleate, glycocholate, and saponin act in the same way. Further investigations are being conducted on this subject. V.
CONCLUSIONS.
The application of the ring method to the measurement of solutions of serum and of certain organic compounds has brought forth new facts, mainly the decrease of the surface tension of such solutions in function of time.
1. In serum diluted at such a low concentration as 1:1,000,000 in NaC1, physiological solution, the surface tension of the liquid is lowered by 3 or 4 dynes in 2 hours; at 1: 100,000, by about 11 dynes (mean value) in 2 hours, and by 20 dynes in 24 hours; at 1:10,000 by about 13 to 16 dynes in 2 hours.
2. The drop in surface tension is much more rapid in the first 30 minutes and follows generally the law of adsorption in the surface layer in function of the time.
3. Stirring or shaking after the drop causes the surface tension to rise, but generally below its initial value.
4. The same phenomena occur when using sodium oleate, glycocholate, or saponln instead of serum.
5. For every serum, as well as for the substances mentioned above a maximum drop occurs in certain conditions at a given optimum concentration.
6. Not only are the substances which lower the surface tension adsorbed in the surface layer, in the case in which they are present with crystalloids, but also the crystalloids themselves, in contradiction to Gibbs' statement. This is plainly shown by the evaporation of such solutions in watch-glasses which, instead of a small group of sharp, large, well defined crystals at the bottom, leaves a white disc almost as large as the initial free surface itself, due to the liberation of the salt by the surface layer as it crawls down the concave surface of the glass.
7. In these conditions, solutions of serum are characterized by a very peculiar periodic and concentric distribution of the crystals, at a concentration of 1:100 only. The same ring-like aspect is observed with sodium oleate, glycocholate, and saponin, but not at the same concentration, as was to be expected, since serum is a solution in itself. 
